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The present study reports an eco-friendly, rapid and easy method for synthesis of silver nanoparticles
(AgNPs) using Tinospora cordifolia as a reducing and capping agent. The different factor such as silver
nitrate (AgNO3) concentration, fresh weight of T. cordifolia leaf, incubation time, and pH affecting silver
reduction was investigated using Response surface methodology based BoxeBehnken design (BBD). The
optimum conditions were AgNO3 (1.25 mM), incubation time (15 h), Temperature (45 C) and pH (4.5).
T. cordifolia leaf extract can reduces silver ions into AgNPs within 30 min after heating the reaction
mixture (60 C) as indicated by the developed reddish brown color. The UV-Vis spectrum of AgNPs
revealed a characteristic surface plasmon resonance (SPR) peak at 430 nm. AgNPs were characterized X-
ray diffraction (XRD) revealed their crystalline nature and their average size of nanoparticles was 30 nm
as determined by using Scherrer's equation. Fourier transform infrared (FTIR) spectroscopy afﬁrmed the
role of T. cordifolia leaf extract as a reducing and capping agent of silver ions. Scanning electron
microscope-energy dispersive X-ray spectroscopy (SEM-EDS) showed spherical shaped and conﬁrming
presence of elemental silver. The synthesized AgNPs was found higher antioxidant activity than plant
extract by dot plot assay. In addition, antibacterial activity against Staphylococcus sp. (NCBI-Accession:
KC688883.1) and Klebsiella sp. (NCBI-Accession: KF649832.1), showed maximum zone of inhibition of
13 mm and 12.3 mm, respectively, at 10 mg/mL of AgNPs. From the results it is suggested that the syn-
thesized AgNPs showed higher antioxidant and antibacterial activity than the plant extract, thus signi-
ﬁcation of the present study is the production of biomedical products.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).1. Introduction
Nanotechnology is an emerging ﬁeld in the area of interdisci-
plinary research, especially in biotechnology and nanoparticles areenthilkumar), t_selvankumar@
Society of Radiation Sciences
rk.
Radiation Sciences and Application
es/by-nc-nd/4.0/).normally considered as particles with a maximum size of 100 nm
(Granqvist, Buhrman, Wyns, & Sievers, 1976; Natarajan, Selvaraj, &
Ramachandra, 2010). Nanoscience research is expected today not
because of only application and also by the way of synthesis
(Gopinath et al., 2012). The synthesis of noble metal nanoparticles
attracts an increasing interest due to their new and different char-
acteristics as comparedwith those of macroscopic phase, that allow
attractive applications in various ﬁelds such as antimicrobials
(Priyadarshini, Gopinath, Priyadharsshini, MubarakAli,& Velusamy,
2013), medicine, biotechnology, optics, microelectronics, catalysis,
informationstorageandenergyconversion (Yeo, Lee,& Jeong, 2003).s. Production and hosting by Elsevier B.V. This is an open access article under the CC
Fig. 1. UV-Visible spectrum of biosynthesized AgNPs, plant extract and AgNO3.
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and the unique chemical, physical properties (Kurek, Grudniak,
Kraczkiewicz-Dowjat, & Wolska, 2011; Mathew and Kuriakose.,
2013; Morones, Elechiguerra, Camacho, & Ramirez, 2005). Nowa-
days, they have beenwidely used as an effective antibacterial agent
against broad spectrum of bacteria, including antibiotic resistant
strains (Percival Steven, Bowler, & Dolman, 2007).
Several techniques have demonstrated that AgNPs can be syn-
thesized using chemical and physical methods, but due to the fact
of usage of a huge amount of toxic chemicals and high temperature
conditions, it becomes a mandate to ﬁnd an alternative method
(Quaresma et al., 2009).
Biological approach emphasizes that the tradition of natural
organisms has offered a reliable, simple, nontoxic and eco-friendly
(Narayanan & Sakthivel, 2010; Sathishkumar, Sneha, & Yun, 2010).
Therefore, researchers in the last years have turned to biological
systems for nanoparticle synthesis (Tsibakhashvil et al., 2010).
Synthesis of nanoparticles by biological methods, using microor-
ganisms, enzyme, plant extract and panchakavya, has been sug-
gested as possible eco-friendly alternatives to chemical and
physical methods (Ananda Babu & Gurumallesh Prabu, 2011;
Govarthanan, Selvankumar, & Manoharan, 2014; Nair & Pradeep,
2002; Otari, Patil, Nadaf, Ghosh, & Pawar, 2012; Schultz, Smith,
Mock, & Schultz, 2000).
The plants or plants extract, which act as reducing and capping
agents for nanoparticles synthesis, are more advantageous over
other biological processes (Valli & Vaseeharan, 2012), because they
eliminate the elaborated process of culturing and maintaining of
the cell, and can also be scaled up for large-scale nanoparticle
synthesis. Different parts of plant materials such as extracts
(Sengottaiyan et al., 2015), fruit (Prathna, Chandrasekaran, Raichur,
& Mukherjee, 2011), bark (Satishkumar et al., 2009), fruit peels
(Bankar, Joshi, Kumar, & Zinjarde, 2010), root (Aravinthan et al.,
2015) and callus (Nabikhan, Kandasamy, Raj, & Alikunhi, 2010)
have been studied so far for the synthesis of silver, gold, platinum
and titanium nanoparticles in different sizes and shapes (Gopinath
et al., 2012).
Tinospora cordifolia an important medicinal plant, belonging to
family Menispermaceae (Ahmad, Hoot, Qazi,& Verma, 2009) a well
known plant of Indian medicinal system, is gaining more attention
for electing a wide spectrum of pharmacological activities. It is
known for its general tonic, anti-cancer, anti-leprotic, anti-
hyperglycemic, anti-allergic and anti-diabetic properties
(Asthana, Jain, Mishra, & Vijaykanth, 2001; Stanely, Prince, &
Menon, 2001). It improves the phagocytic and bactericidal capac-
ity of polymorphs, protects against gastric mucosal damage and
scavenges free radicals. Since this plant has also been reported to
possess anti-ﬁbrotic, anti-oxidant, anti-inﬂammatory, immune
modulatory, radio protective and activator of phagocytic and killing
activity of macrophages (Goel et al., 2004; Kapil & Sharma, 1997;
Pendse, Dadhich, Mathur, Bal, & Madam, 1997; Prince & Menon,
1999).
Response surface methodology (RSM), a statistical tool is uni-
versally practiced methodology for design the models and analyzes
the most signiﬁcant problems, in which a response is highly
inﬂuenced by several variables for the production of secondary
metabolites. It helps to identify the successful factors, study in-
teractions, most favorable conditions, calculate the optimum level
of the variables, and ensure the maximum production in a ﬁxed
number of experiments (Kandasamy Selvam et al., 2014).
The objectives of the present study are, (i) to Response surface
methodology mediated optimization the AgNPs synthesis using
T. cordifolia (ii) to characterize the synthesized AgNPs, (iii) to study
the antioxidant activity of synthesized AgNPs, and (iv) to evaluate
the bactericidal activity.2. Materials and methods
The fresh and healthy leaves of T. cordifolia were collected from
Yercaud, Salem, Tamil Nadu, India. All the chemicals were obtained
from Hi Media Laboratories Pvt. Limited, Mumbai, India. Ultra pu-
riﬁed water was used for experiment. Clinically isolated bacterial
pathogens of Uncultured Klebsiella sp. clone MASC-TSK (NCBI-
Accession: KF649832.1), Staphylococcus sp. MG87 (2013) (NCBI-
Accession: KC688883.1), Bacillus sp. BT MASC 1 (NCBI-Accession:
KJ438150.1).
2.1. Preparation of plant extract
T. cordifoliawerewashed and boiled in distilled water for 30min
at 90 C. The leaves (100 g) were crushed in 100 mL distilled water
and the extract was ﬁltered through Whatman No.1 ﬁlter paper to
remove insoluble fractions and macromolecules. This ﬁltrate was
treated with equal volume of chilled acetone and the resultant
precipitate was centrifuged at 1000 rpm for 5 min. This precipitate
was resuspended in distilled water and stored in refrigerator 4 C
for further studies. This extract was used as reducing as well as
stabilizing agent.
2.2. Synthesis of AgNPs
AgNPs were synthesized according to Aravinthan et al. (2015)
with minor modiﬁcation. Ten mL of the extract was mixed with
90 mL of 1 mM AgNO3 solution and the resulting greenish mixture
was incubated for 24 h in a rotary shaker (200 rpm) at 26 C. The
reduction of Agþ was indicated by color change from light green
color to dark brownish color.
2.3. Statistical optimization of AgNPs synthesis
Response surface methodology combined with BBD was estab-
lished using Design Expert software (9.0.0.7 trial version). Three
factors, namely, AgNO3 concentration, incubation time, tempera-
ture and pH were optimized for enhanced AgNPs synthesis. Based
on BBD, the factors were analyzed at two levels: 1, for low level,
and þ1, for high level. A total of 29 runs were performed to opti-
mize the process parameters, and experiments were performed
according to the experimental design matrix. The results were
evaluated by applying the coefﬁcient of determination (R2), analysis
of variance (ANOVA) and response plots. Employing RSM, the most
widely used second-order polynomial equation developed to ﬁt the
experimental results and identify the relevant model terms
Y ¼ b0SbiXiþ SbiXibijþ SXiXj (1)
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regression coefﬁcients of the model; and Xi and Xj represent in-
dependent variables. The experimental design chosen for the study
was a Box-Behnken design that helps in investigating linear,
quadratic and cross product effects of these factors, each varied at
these levels and also includes three center points for replication.
2.4. Characterization of AgNPs
The bioreductive synthesis of AgNPs was monitored using a
Shimadzu Elico-164 PC scanning double beam UV-Vis spectro-
photometer. The UV-Vis spectra were recorded between 200 and
600 nm as a function of temperature for the bioreductive propertyTable 1
BoxeBehnken design for the variables and the experimental observed responses.
Run AgNO3 Conc. (mM) Incubation time (h)
1 2 15
2 1.25 6
3 0.5 6
4 0.5 15
5 0.5 15
6 1.25 15
7 2 24
8 1.25 15
9 1.25 24
10 2 15
11 2 15
12 1.25 6
13 1.25 24
14 2 15
15 1.25 15
16 0.5 15
17 1.25 24
18 1.25 15
19 1.25 15
20 1.25 24
21 1.25 15
22 0.5 15
23 1.25 15
24 0.5 24
25 2 6
26 1.25 15
27 1.25 6
28 1.25 15
29 1.25 6
The highlighted bold numerics are indicated the model terms are signiﬁcant with the ex
Table 2
Analysis of variance (ANOVA) for the response surface quadratic model.
Source Sum of squares df
Model 5.30 14
A-AgNO3 0.012 1
B-Incubation Time 0.94 1
C-Temperature 0.083 1
D-pH 7.008E-003 1
AB 0.024 1
AC 0.14 1
AD 9.025E-003 1
BC 3.600E-003 1
BD 0.21 1
CD 1.000E-002 1
A2 1.91 1
B2 0.14 1
C2 1.66 1
D2 1.70 1
Residual 0.20 14
Lack of Fit 0.20 10
Pure Error 0.000 4
Cor Total 5.51 28of aqueous T. cordifolia extract. The increase in 430 nm centered
strong resonance bands was noted (Aravinthan et al., 2015). XRD
was recorded in the 2q range of 30e80 using XRD6000, (Shi-
madzu) of CuKa radiation, the energy of which was 8.04 keV and
wavelength was 1.54 A . The applied voltage was 40 kV and current
was 25 mA. The crystallite size was estimated using the Scherer
equation. The presence of functional groups in T. cordifolia extract
and synthesized AgNPs was identiﬁed by Shimadzu -8400 FTIR
Spectrometer using KBr pellet technique. Scanning electron
microscope-energy-dispersive spectra (SEM-EDX) analysis was
carried out using Jeol JSM 6390 model. Thin ﬁlms of the sample
were prepared on a carbon-coated copper grid by just dropping a
very small amount of the sample on the grid, extra solution wasTemperature (C) pH Maximum absorbance (a.u)
45 6 0.91
60 4.5 1.2
45 4.5 1
30 4.5 1.2
60 4.5 0.78
60 6 0.9
45 4.5 1.7
45 4.5 2.1
45 6 1.42
45 3 0.98
30 4.5 0.89
30 4.5 1.32
30 4.5 1.65
60 4.5 1.23
45 4.5 2.1
45 6 1.22
60 4.5 1.65
30 3 1.4
45 4.5 2.1
45 3 1.95
60 3 0.9
45 3 1.1
30 6 1.2
45 4.5 1.9
45 4.5 1.11
45 4.5 2.1
45 6 1.34
45 4.5 2.1
45 3 0.95
perimental results.
Mean square F value p-value Prob > F
0.38 26.06 <0.0001
0.012 0.83 0.3782
0.94 64.36 <0.0001
0.083 5.74 0.0312
7.008E-003 0.48 0.4987
0.024 1.65 0.2194
0.14 9.94 0.0071
9.025E-003 0.62 0.4438
3.600E-003 0.25 0.6264
0.21 14.56 0.0019
1.000E-002 0.69 0.4207
1.91 131.78 <0.0001
0.14 9.66 0.0077
1.66 114.22 <0.0001
1.70 117.06 <0.0001
0.015 e e
0.020 e e
0.000 e e
e e e
Fig. 2. 3D plots of the combined effects of two variables on T. cordifolia plant extract mediated synthesis of AgNPs.
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Fig. 3. FT-IR spectra representing the functional groups associated with the reduction
and stabilization of T. cordifolia leaf extract mediated AgNPs.
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was allowed to dry.
2.5. Antioxidant activity e dot blot screening method
The Dot-blot rapid screening method according to Selvam,
Arunprakash, Selvankumar, Govarthanan, and Sengottaiyan (2012
and 2013) with minor modiﬁcation. 5 mL of aliquots of fresh leaf
extract and eco-friendly synthesized AgNPs were spotted on the
TLC plate and allowed to air dry. The TLC plate bearing the dry spots
was placed upside down for 10 s in a solution of DPPH (0.1 mM/L) in
methanol. The spot exhibiting radial scavenging antioxidant ac-
tivity showed up as yellow spot against a purple background.
2.6. Antibacterial activity
The antimicrobial activity of silver nanoparticles was investi-
gated utilizing agar well diffusion assay Nanda and Saravanan
(2009). The AgNPs synthesized using the T. cordifolia leaf extract
were tested for the antibacterial activity by standard agar-well
diffusion method. The clinically isolated Klebsiella sp., Staphylo-
coccus sp. and Bacillus sp. were used as the test organisms. A pure
culture was sub-cultured in nutrient broth and the strain was
uniformly spread on sterilized petriplates. Five circular wells, for
6 mm diameter were made using a sterile cork-borer. The ﬁrst well
was loaded with a chemical antibiotic (Streptomycin 5 mL as a
positive control and the other wells was loaded with 5e25 mL
AgNPs to check the antibacterial activity). The plates were incu-
bated at 37 C overnight and the zones of inhibitionwere observed.
3. Results and discussion
The addition of T. cordifolia leaf extract to the aqueous AgNO3
solution resulted in the greenish white to reddish brown color due
to the surface plasmon resonance. The reduction of aqueous Agþ
ions to Ag0 by the T. cordifolia leaf extract was simply analyzed by
UV-visible spectroscopy. The UVeVis spectra of the AgNPs band
occur near 430 nm (Fig. 1), the leaf extrat and AgNO3 are no visible
spectrum occurs. Previous studies were also reported by many re-
searchers (Aravinthan et al., 2015; Krishnaraj et al., 2010). The
brown color conﬁrms that it was due to the reduction of Agþwhich
indicates the formation of AgNPs.
3.1. Statistical optimization
The BBD was applied to identify the optimal conditions for the
AgNPs synthesis. The experimental design is presented in Table 1.
ANOVA of the quadratic regression model (Table 2) exhibits that it
was a highly signiﬁcant model, as was evident from the Fisher's F-
test with a very low probability value (F value ¼ 26.06). Values of
‘Prob > F’ (0.0001) indicate that the term of the model was signif-
icant. The Model F-value of 26.06 implies that the model was sig-
niﬁcant. There was only a 0.01% chance that a model F-value could
occur due to noise. The predicted R2 (0.7872) and adjusted R2
(0.9261) values for AgNPs synthesis were in reasonable agreement
with the value of R2 (0.9631), which is closer to 1.0, indicating the
better ﬁtness of the model in the experimental data. The model for
rhizomemediated synthesis of AgNPs, three different tests, namely,
sequential model sum of squares, lack of ﬁt tests and model sum-
mary statistics were carried out in the present study.
The 3D plots graphical representations was generated (Fig. 2).
The results demonstrate that there was a signiﬁcant relation of
AgNO3 concentration, incubation time (h), temperature (C), pH,
were optimized for AgNPs synthesis using T. cordifolia leaf extract.
The optimum levels of the variables were obtained by utilizing BBD.The model predicted a maximum UV-Vis spec absorbance (2.1)
appearing after AgNO3 concentration (1.25 mM), incubation time
(15 h), temperature (45 C), pH (4.5), were optimized for AgNPs
synthesis. Predicted model was validated and experiments were
conducted using these optimal conditions. The predicted model
values were in good agreement with the values measured in these
experiments, thus mitigating the validity of the response model
and the necessity for optimal conditions. Graphs highlighted the
roles played by the variables for the optimization of AgNPs
synthesis.
The coefﬁcients of the regression equation were calculated and
the following regression equation was obtained.
YðMaximumAbsorbanceat 430nmÞ
¼2:100:032Aþ0:28B0:083C0:024D0:078AB
þ0:19AC0:047ADþ0:030BC0:23BDþ0:050CD
0:54A20:15B20:51C20:51D2 (2)
Where, Y stands for AgNPs synthesis (Absorbance at 430 nm), A
is AgNO3 concentration, B is incubation time, C is temperature, D is
pH, respectively. A high degree of similarity of experimental values
were observed, thus reﬂecting the precision and applicability of
RSM to optimize the process for AgNPs synthesis.3.2. Characterization of AgNPs
The FT-IR spectra were recorded to identify the possible bio-
molecules responsible for the reduction of the Agþ ions and
capping of the bio-reduced AgNPs synthesized by the T. cordifolia
leaf extract. Fig. 3 shows the spectra of AgNPs the transmission
peaks at 3332.99, 2918.3, 2848.33, 1614.42, 1384.85, 1111, 623.03,
and at 399.26 cm1.
X-ray diffraction (XRD) patterns of AgNPs indicate that the
structure of AgNPs is the face centered cubic (fcc) structure of
metallic silver (Fig. 4). In addition, the diffraction peaks at 2q values
of 38.1, 44.3, 64.4, and 74.3 could be attributed to (111), (200),
(220), (311) respectively, planes of pure silver ions indicating the
biosynthesis of AgNPs. Accordancewith the standardmetallic silver
XRD pattern JCPDS No. 89-3722. The Scherrer equation the average
crystallite size of AgNPs found to be lower than 24 nm in size. These
peaks are due to the organic compounds which are present the
extract and responsible for silver ions reduction and stabilization of
resultant nanoparticles (Aravinthan et al., 2015).
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Fig. 4. XRD pattern of AgNPs synthesized using T. cordifolia plant extract.
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examined by scanning electron microscopy (Fig. 5). Well deﬁned
spherical AgNPs without any agglomeration were evidenced from
the ﬁgure. Energy dispersive spectrum revealed the presence of
elemental silver in the sample (Fig. 5). The sharp peak at 1.2, 3.4,
and 3.8 keV denoted the existence of metallic silver. Generally
metallic silver nanocrystals show typical optical absorption peak
approximately at 3.4 keV due to their surface Plasmon resonance
(Shameli et al., 2012).Fig. 5. SEM images of AgNPs show Spherical in shape with EDS spectrum recorded
from a ﬁlm, after formation of AgNPs with different X-ray emission peaks labeled.3.3. Antibacterial activity of AgNPs
AgNPs displayed antibacterial activity against Gram positive and
Gram negative bacteria, with varying degrees, as suggested by the
diameter of inhibition zone, while T. cordifolia leaf extract show low
antibacterial activity compare to AgNPs (Fig. 6). The results showed
that AgPNs are effective antibacterial activity against Staphylo-
coccus sp., Klebsiella sp., compare with Bacillus sp. In Staphylococcus
sp. the maximum zone of inhibition was 13 mm, and the Klebsiella
sp. 12.3 mm at 10 mg/mL concentration. For Bacillus sp., showed
10.5 mm zone of inhibition at high AgNPs concentration 10 mg/mL.
In this summery, T. cordifolia was taken for synthesis of AgNPs
because of its medicinal values. Various studies have been done by
many researchers which conﬁrm that T. cordifolia was found to be
good antibacterial agent against pathogenic and non-pathogenic
organisms (Duraipandiyan, Ignacimuthu, Balakrishna, & Al-Harbi,
2012; Rajathi, Vijaya Raj, Anarkal, & Sridhar, 2012). The synthe-
sized AgNPs of T. cordifolia from leaf extract showed remarkable
antibacterial activity against Staphylococcus sp., Klebsiella sp.3.4. Dot-plot screening method
The antioxidant efﬁcacy of the AgNPs was identiﬁed by Dot-plot
rapid Screening Method. Fig. 7 showed the T. cordifolia leaf extract
mediated synthesis of AgNPs are maximum antioxidant potential
compare with plant extract and silver nitrate. The purple area on
the plate indicates no free radical scavenging activity and yellow
areas indicates antioxidant activity. The diameter of the color
change, the AgNPs (1.8 cm), plant extract (1 cm) and AgNO3 no
visible indication.Kle
bs
illa
 sp
.
Sta
ph
ylo
co
cc
us
 sp
.
Ba
cil
lus
sp
.
0
5
10
15
20
Z
on
e 
of
 In
hi
bi
tio
n 
(m
m
) 5μg
10μg
Plant extract
AgNO3
Ampicillin 10μg/ml
Fig. 6. Anti-bactericidal activity of T. cordifolia plant extract and extract mediated
synthesized AgNPs.
Fig. 7. Dot blot assay of Synthesized AgNPs and plant extract.
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The AgNPs are spherical in shapes were synthesized using leaf
extract of T. cordifolia. The AgNPs were characterized by UV-visible,
XRD, SEM-EDS and FT-IR spectrum. Biosynthesis of Ag-NPs using
green resources like T. cordifolia is a better alternative to chemical
synthesis, since this green synthesis is pollutant free and eco-
friendly. The biosynthesized AgNPs have shown good antibacte-
rial efﬁcacy and hence has a potential to be used as antibacterial
agent against Staphylococcus sp. and Klebsiella sp. These AgNPs
were proved to be powerful weapons as antibacterial and antioxi-
dant activity.
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